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[57] ABSTRACT 

A globally distributed system clock is received and selec- 
tively gated by local clock generators responsive to global 
control signals. The local clock generators, which are 
located proximately to sequential circuits having serial scan 
paths, produce scan and functional clock signals adapted to 
the sequential circuits, which may have a variety of required 
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INTEGRATED CIRCUIT CLOCKING the system clock, but would require modification to produce 

TECHNIQUE AND CIRCUIT THEREFOR scan and functional docks fox testing a master-slave register 

having an output that changes on the high phase of the 

This application is a continuation of application Scar. No. system clock. Scarxa's circuit could not be used to test a 

08/295,624. filed Aug. 24. 1994, now abandoned. 5 register file. 

Prior art techniques force the circuit designer to balance 

FIELD OF THE INVENTION undesired tradeoffs against each other. One tradeoff is less 

This invention relates generally to testing integrated or- than complete test coverage, which increases the risk that a 

cuits. More particularly, this invention relates to clocking defective chip will rest good. Another tradeoff is limitin g the 

schemes used in scan testing, including level sensitive scan 10 variety of sequential circuits used in the chip to those that 

design (LSSD) testing. can be tested by prior art schemes, which may increase cost 

and decrease circuit speed. Equally undesired for its increase 

BACKGROUND OF THE INVENTION in cost and area and decrease in speed is adding compen- 

In conventional scan techniques, including LSSD, the lo & c to ^ sequential circuits, 

sequential portions of a circuit, such as latches or flip-flops, Additionally, some of the prior art may not comply with 

are serially connected through switching circuits to form a a standard for boundary scan testing established by the 

shift register. During normal operation, the switches are Institute of Electrical and Electronic Engineers (IEEE) and 

open. When it is desired to test the circuit, the switches are known as Joint Test Action Group (JTAG) 1149.1. 

closed and predetermined test data is propagated into the M _ ™ m ™^^r 

resulting shift register until the shift register is fully loaded. 20 PURPOSE OF THE INVENTION 

The switches are then reopened and the sequential circuits It is a purpose of the present invention to selectively 

are returned to normal operation while a predetermined logic generate and distribute from a single system clock, scan and 

operation is performed. Finally, the switches are again functional clocks which are adapted to the particular circuits 

closed in order to clock out of the shift register the result of ^ they drive. 

the logic operation for comparison with the result expected. ft is another purpose of the present invention to reduce 

Clocks for scan circuits have been provided in a number m j^q testing 

ofways^ as alsdosed by ' K J. McQuskey, «A survey ^of it is another purpose of the present invention to generate 

^^F^^ ^ S *^ aX ^T T^^^^f T^^^Ji^tf and distribute scaV and functional clocks in a manner 

1984. One clocking technique disclosed by the Mcduskey _ _ • f . - tU ^ ^^^^^ 

article, provi^sTc^^ independent set of clocks just 30 consxstent with power management techmques. 

for scan which must be routed, along with the functional * * still another purpose of the present invention to 

clocks, to every latch. With this technique the sets of generate and distribute scan and functional clocks using a 

Junctional clocks and scan clocks are toggled on and off at small number of devices. 

me chip level inorder to execute the scan cycle. In order to 35 SUMMARY OF THE INVENTION 

maintain proper timing relationships these docks must all be 

balanced individually and against each other, leading to According to the invention, a globally distributed system 

increased complexity of the circuit Typically, scan testing clock is received and selectively gated by local clock 

cannot be performed at system speeds because of this generators responsive to global control signals. The local 

complexity. ^ clock generators, which are located proximately to sequen- 

Another technique, as disclosed in U.S. Pat. No. 4,961, tial circuits having serial scan paths, prodnce scan and 

013, entitled "Apparatus for Generation of Scan Control functional clock signals adapted to the sequential circuits, 

Signals for Initialization and Diagnosis of Circuitry in a which may have a variety of required timing diagrams, 

^nmuter^ to Obermeyer et al employs a ^gle set of BRIEF DESCRIPTION OF THE DRAWINGS 
clocks, but requires a multiplexer at the input of each latch 45 

or flip-flop to select, in accordance with a control signal, FIG. 1 is a block diagram of an integrated circuit clocked 

whether scan data or functional data is being input to the according to the preferred embodiment of the present inven- 

sequential circuit. However, Obenneyer requires the mnlnV tion. 

plexer control signal to be distributed to every latch, and the FIG. 2A is a schematic diagram of a preferred embodi- 

multiplexers add delay to the functional data path as well as 50 mentfor a local clock generator adapted to a Type A single 

require additional circuit area. latch. 

U.S. Pat No. 5,220,217, entitled "Circuit for the Genera- FIG. 2B is a timing diagram for the local clock generator 

tion of a Scanning Clock in an Operational Analysis Device 0 fFIG 2A. 

of the Serial Type for an mtegrated CiranT, by Scarra et a^ m 3A isa schematic diagram of a preferred embodi- 

discloses a dock generator which rxoduces a machine dock 55 ^ for a local dock generator adapted to a Type A 

and a scanning xlockfrom a system clock. Scarra' s machine master-slave register 

dock is normally coinddent with the system dock. When a . . . i4 _ , . , . 

scaiuringdockLeeded.Scatradanithe.nad^edock HG. 3B is. tmm.g digram for the local clock generator 

and enables a scanning dock in response to a control signaL „ ? . . t A . 

The state in which the machine dock is clamped determines 60 FIG. 4A is a schematic diagram of a preferred cmbodi- 
whether the scanning clock inverts or passes the system meat for a local dock generator adapted to a Type B single 
dock. ktdL 

The dependent relationship between Scarra's machine FIG. 4B is a timing di ag ra m for the local dock generator 
dock and scanning dock limits its ability to test certain °f FKj- 4A. 

sequential circuits. Scarra teaches a circuit capable of pro- 65 FIG. 5A is a schematic diagram of a preferred embodi- 
ducing scan and functional docks for testing a master- slave ment for a local dock generator adapted to a Type B 
register having an output mat changes on the low phase of master-slave register. 
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FIG. SB is a timing diagram for the local clock generator connected to the drain of M9. The source of M9 is grounded, 

of FIG. 5 A. The gates of M7 and M8 are connected to each other and 

HG.6Ais a schematic diagramtalo^ provided, with SYSCLK. The gates of M6 and M 9 are 

adapted for a register file. provided with complementary control signals CONTROL2 

* ^ . T . . A . . . . 5 and CONTROLS respectively. Gamp-down n-channel 

M^atuDiDgdia^fortheWcIodg^ transistor M10 has its sWe connected to ground and its 

of FIG. 6A. drain connected to node N2, the common output of transis- 

FIG. 6C is a schematic diagram of a portion of a register tors M7 and M8. The gate of M10 is connected to control 

file having a vertical scan path. signal CONTROL2. 

DETAILED DESCRIPTION OF THE 10 r J 1 " 5 dock ** £ HG^ operates as 

ppfprprfd FMROnTMFNT of thf PRFSHNT follows to test a Type A angle latch. Gates 11 and 21 operate 
PREFERRED EMBOT^Q^OFTHE PRESENT to producc a ^ dockA and functional clock A which arc 

mutually exclusive, that is each clock is active only when the 

FIG. 1 is a block diagram of an integrated circuit clocked other is inactive (clamped). When scan data is to be clocked 

according to the preferred embodiment of the invention. The 15 into the latch, CONTROL2 205 is brought high, so that 

integrated circuit includes combinational logic 200 the out- transistors Ml and M4 both conduct thereby enabling 

put of which is stored in a variety of types of sequential tristate buffer 41 of gate 11. Tristate buffer 41 inverts 

circuits, including single latches 207, 209, master-slave SYSCLK 201 through transistors M2 and M3 to produce 

registers. 211. 221 and register file 231, which are provided scan clock A as shown in FIG. 2B. MS is off. At the same 

with a serial scan path for scan testing purposes. A system ^ time, transistors M6 and M9 do not conduct, disabling 

clock for the integrated circuit, SYSCLK 201 and control tristate buffer 42 of gate 21 in a high impedance state. The 

signals, CONTROL1 203 and CONTROL2 205 are globally output of tristate buffer 42 is clamped low by transistor M10, 

distributed to local clock generators 206. 208, 210, 220, 230 producing an inactive functional clock A as shown in FIG. 

and 232. The local clock generators are located in proximity 2B. To cause the integrated circuit to act on the scan data, the 

to the particular sequential circuit they drive. For example, ^ control signal CONTROL2 205 is brought low so that 

local clock generator 210 is located in proximity to sequen- tristate buffer 41 is clamped low, producing an inactive scan 

rial circuit 211. The local clock generators each receive clock A and tristate buffer 42 is enabled, producing an active 

SYSCLK 201 and, responsive to one of the control signals functional clock A which inverts SYSCLK as shown in FIG. 

203. 205. Selectively generate clocks adapted for the type of 2B. The output data is then scanned back out of the latch by 

sequential circuit being driven. For example; clock generator 3Q returning CONTROL2 205 to the high leveL Buffers 12 and 

210 in response to control signal CONTROL2 205 produces 22 refresh the output signals prior to distribution, 

scan clock A, functional clockA and slave clockA which are FIG. 3A shows a second local clock generator 210 which 

customized to master-slave register 211. is preferred fox testing Type A master-slave register, mat is 

FIG. 2A shows a first local clock generator 206 which is master-slave registers the outputs of which are triggered on 

preferred for testing Type A single latches, that is latches 35 the high phase of the system dock. Gates 13 and 23 are 

which are clocked on the low phase of SYSCLK 201. FIG. configured identically to gates 11 and 21 of FIG. 2A and 

2B is a timing diagram for local clock generator 206 behave similarly. The local clock generator 210 also 

showing the relationship between SYSCLK, the control includes a repeating means 31 for producing a slave dock 

signal CONTROL2 and the dock generator outputs when needed for testing master-slave registers. Repeating means 

used to test Type A single latches. Gates 11 and 21 of FIG. 40 31 indudes a tristate buffer 43 connected in a like manner as 

2A for respectively producing scan dock A and functional that of the first gate 11 followed by an inverter 47. The gates 

dock A as shown in FIG. ZB are preferably tristate buffers of transistors Mil and M14 are connected to ground and 

having their outputs coupled to a damping transistor Vdd respectively so that the input signal SYSCLK is always 

For gate 11 , the tristate buffer 41 indudes two p-channd passed through the combination of tristate 43 and inverter 

transistors, Ml and M2, and 2 n-channel transistors, M3 and 45 47. Inverter 47 is followed by buffer 32. FIG. 3© is a timing 

M4 connected in series. The source of Ml is connected to diagram far local dock generator 210 showing the relation- 

the power supply, Vdd. The drain of Ml is connected to the ship between the system dock 201, the control signal 

source of MZ The drain of M2 is connected to the drain of CONTROL2 and the dock generator outputs when used to 

M3 at the output of the tristate buffer, node NL The source test Type A master-slave registers. The scan dock A and 

of M3 is connected to the drain of M4. The source of M4 is so functional dock A are identical to those shown in FIG. 2B 

grounded. The gates of M2 and M3 are connected to each for a Type A single latch. Hie slave clockA shown in FIG. 

other and provided with SYSCLK. The gates of Ml and M4 3B, produced by repeating means 31, operates in conjunc- 

are provided with complementary control signals CON- tion with scan clock A when functional dock A is damped, 

TROL2' and CONTROL2, respectively. Clamp-down and operates in conjunction with functional clock A when 

n-channd transistor M5 has its source connected to ground 55 scan dock A is damped. 

and its drain connected to node Nl, the common output of FKj. 4A shows a third local dock generator 208 which is 

transistors M2 and M3. Control signal CONTROL2 1 is preferred for testing Type B single latches, that is single 

connected to the gate of M5. latches docked on the high phase of SYSCLK 201. FIG. 4A 

With continued reference to FIG. 2A, the second gate 21 is a timing diagram for local clock generator 208 showing 

for producing a functional dock is similar to the first gate 11 60 the relationship between the system dock 201, the control 

except that the complementary control signals are swapped. signal CONTROL1 and the dock generator outputs when 

The tristate buffer 42 includes two p-channd transistors. M6 used to test Type B single latches. Gates 111 and 121 of FIG. 

and M7, and 2 n-channd transistors, M8 and M9 connected 4A for producing respecrfvdy scan dock B and functional 

in series. The source of M6 is connected to power supply dockB as shown in HG. 4B are preferably a tristate buff er, 

voltage Vdd. The drain of M6 is connected to the source of 65 followed by a clamping transistor and an inverter. 

M7. The drain of M7 is connected to the drain of M8 at the For gate 111, the tristate buffer 144 includes two 

output of the tristate buffer, node N2. The source of M8 is p-channd transistors, M15 and M16, and 2 n-channd 
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transistors, M17 and M18 connected in series. The source of tristate is not followed by an inverter. The connections of 
M15 is connected to power supply voltage Vdd. The drain transistors M25, M26, M27 and M28 correlate to those of 
of M15 is connected to the source of M16. The drain of M16 Mil, M12, M13 and M14. The output of repeating means 
is connected to the drain of M17 at the output of the tristate 131 i s an inversion of SYSCLK. FIG. SB is a timing diagram 
buffer 144, node N4. The source of M17 is connected to the 5 for local clock generator 220 showing the relationship 
drain of M18. The gates of M16 and M17 are connected to between the system clock, the control signal CONTROL1 
each other and provided with SYSCLK. The source of M18 and the clock generator outputs when used to test Type B 
is grounded. The gates of M15 and M18 are provided with master-slave registers. The scan clock B and functional 
complementary control signals CONTROL1' and clock B are identical to those shown in FIG. 4B for aiype 
CONTROLl, respectively, damp-up p-channel transistor 10 B single latch. The slave clock B shown in FIG. SB, 
M19 has its source connected to power supply Vdd and its produced by repeating means 131, operates in conjunction 
drain connected to node N4, the common output of transis- with scan clock B when functional clock B is damped, and 
tors M16 and M17 and the input to inverter 147. Control operates in conjunction with functional clock B when scan 
signal CONTROL1 is connected to the gate of M19. clock B is clamped. 

With respect to the third local clock generator, the second 15 FIG. 6A shows fifth and sixth local clock generators 230 
gate 121 for producing a functional clock is the same and 232, which arc preferred for testing a register file 23L 
arrangement of components as first gate 111 except that the Register file 231, a portion of which is shown in FIG. 6C 
complementary control signals are swapped. The tristate has a vertical scan path connected between adjacent single 
buffer 145 includes two p-channel transistors, M20 and latches of the same bit order, such as the connection between 
M21, and 2 n-channel transistors, M22 and M23 connected 20 output Q of latch CI of register 1 and scan data input Sd of 
in series. The source of M20 is connected to power supply latch C2 of register Z Now referring to FIG. 6A, the gates 
voltage Vdd. The drain of M20 is connected to the source of 51, 52 of clock generator 230 and the gates 53, 54 of clock 
M21. The drain of M21 is connected to the drain of M22 at generator 232 operate in a manner similar to the like gates 
node N5, the output of the tristate buffer 145. The source of " discussed for the above discussed local clock generators. 
M22 is connected to the drain of M23. The source of M23 25 The scanning clocks SCANCKB and SCANCKA are gated 
is grounded. The gates of M21 and M22 are connected to by the global control signals CONTROL! and CONTROL2 
each other and provided with SYSCLK. The gates of M20 and, as shown in tuning diagram FIG. 6B, are not in phase, 
and M23 are provided with control signals CONTROL1 and so mat during scan, data written to one register during the 
CONTROL!, respectively. Clamp-up p-channel transistor first phase of the system clock is propagated to the same 
M24 has its source connected to power supply voltage Vdd, M or<icr Wt of ^ next register in the scan path during the 
its drain connected to node N5, the common output of second phase of the system clock. The functional clock, Wl 
transistors M21 and M22 and the input to inverter 148. fox register 1 is gated by locally generated control signal 
Control signal CONTROL! is connected to the gate of M24. CONTROLW1 which, as shown in FIG. 1, is a logical 

The clock generator 208 shown in FIG. 4A operates as combination of the global control signal CONTROLl 203 
follows to test a single Type B latch. Gates 111 and 121 35 and the register 1 enable signal likewise, functional dock 
operate to produce a scan clock B and functional ciockB W2 is gated by locally generated control signal CON- 
which are mutually exclusive, that is each clock is active TROLW2 which Is a logical combination of the global 
only when the other is inactive (clamped). When scan data control signal CONTROLl 203 and me r^ter 2 enable 
is to be clocked into the latch, CONTROLl 203 is brought signal. As shown in the timing diagram of FIG. 6B,Wland 
high, so that transistors M15 and M18 both conduct, thereby 40 W2 are in phase with SYSCLK, almou^ their timing edges 
enabling tristate buffer 144 of gate 11L Tristate buffer 144 «« not necessarily coincident with each other, since it may 
and inverter 147 pass SYSCLK 201 to produce scan clock ** desired to selectively write to one register. With mis 
A as shown in FIG. 4B. M19 is off. At the same time, scheme, each register of a register tile is provided with one 
transistors M20 and M23 do not conduct, disabling tristate scan signal, SCANCKA or SCANCKB, and one functional 
buffer 145 of gate 121 in a high irnpedance state. The output 45 signal, WN for scanning and normal operation as is shown 
of tristate buffer 145 is clamped high by transistor M24 and m FKj. 6C 

inverted by inverter 148, producing an inactive functional The present inv ention can be configured in a manner 
clock B as shown in FIG. 4B. To cause the integrated circuit compliant with the IEEE JTAG 1149.1 boundary scan test- 
to act on the scan data, the control signal CONTROLl 203 ing standard. The JTAG standard requires that the state of 
is brought low so that tristate buff ex 144 is damped low, 50 the JTAG state machine, as defined by the standard, change 
producing an inactive scan clock B, and tristate buffer 145 at the rising edge of the input clock. The clock generators 
is ^aqprf, producing an active functional dock B which disclosed above respond appropriatdy when the control 
passes SYSCLK as shown in FIG. 4B. The output data is signals CONTROLl 203 and CONTROL2 205 are triggered 
then scanned back out of the latch by returning CONTROLl off the positive edge of the input clock 
203 to the high level. Biiflers 112 and 122 refresh the output 55 The present invention has an added advantage of power 
dock signals prior to distribution. management cftmr^tibility. By gating bom the functional 

FIG. 5A shows a fourth local dock generator 220 which clock and the slave dock with an appropriate logical corn- 
is preferred for testing Type B master-slave registers, that is bination of one of the global control signals and the appro- 
master-slave registers the outputs of which are triggered on priate register enable signal, the functional and slave docks 
the low phase of the system dock. Gates 113 and 123 are 60 operate as described above during scan operation, but are not 
configured identically to gates 111 and 121 of FIG. 4A and propagated during functional operation unless the register is 
behave similarly. The fourth local dock generator 220 also enabled, thereby reducing power coiisumptioiL 
indudes a repeating means 131 for producing a slave dock Although similar behavior by the local dock generators 
B needed for testing master-slave registers. The repeating can be obtained using equivalent NAND/NOR or pass-gate 
means 131 is a tristate buffer connected in a like manner as 65 circuits, tristate buffers are preferred because they have both 
that the repeating means 31 of FIG. 3A for the local dock favorable load properties and favorable skew properties, 
generator 210 and refreshed by buffer 132 except that the Tristate buffers, unlike pass-gates, present a constant capad- 
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tive load independent of their logic state to the system clock 
signal, simplifying the design of the clock network. Tristate 
buffers also help to minimize skew between the scan and 
functional clocks, making it unnecessary to slow down the 
system clock to achieve correct functioning during scan or 
normal operation. This is an advantage not generally shared 
by NAND/NOR implementations. For example, for the first 
dock generator described above, the scan and functional 
clocks undergo an equal number of gate delays, while for the 
third clock generator the slave clock undergoes one gate 
delay more than the scan and functional clocks. Adjustments 
to account for this minor a difference are easily made by 
proper device sizing. 

The invention has been described with reference to a 
specific preferred embodiment Other embodiments, includ- 
ing other forms of local clock generators adapted to other 
sequential circuits, will be apparent to those of ordinary skill 
in the art in view of the foregoing disclosure. It is therefore 
not intended that the appended claims include all modifica- 
tions and variations that fall within the spirit and scope of the 
invention. 

What is claimed is: 

1. A circuit for selectively generating and distributing 
from a single system clock, a plurality of local clocks for 
scan testing an integrated circuit having a plurality of types 
of sequential circuits through which a scan path is 
connected, comprising: 

a first local clock generator located in close proximity to 
a first sequential circuit of a first type, for receiving and 
selectively gating the system clock responsive to a first 
control signal to provide to the first sequential circuit 
first scanning and functional clock signals; and 

a second local clock generator located in close proximity 35 
to a second sequential circuit of a second type, for 
receiving and selectively gating the system clock 
responsive to a second control signal to provide to the 
second sequential circuit second functional and scan- 
ning clocks. 

2. The circuit in claim 1 wherein the first local clock 
generator comprises: 

first gate for receiving the system clock and producing the 
first scanning clock which alternates responsive to the 
first control signal between an active and clamped 
condition, the active condition resulting in an output 
which inverts the system clock, the clamped condition 
resulting in an output which is fixed; and 

second gate for receiving the system clock and producing 
the first functional clock which alternates responsive to 
the complement of the first control signal between a 
clamped and active condition, the active condition 
resulting in an output which inverts the system clock, 
the clamped condition resulting in an output which is 
fixed; 

wherein the first scanning dock is clamped when the first 
functional dock is active and the first functional dock 
is clamped when the first scanning dock is active. 

3. The circuit of claim 2 wherein: 
the first and second gates each comprise a tristate buffer 

having an output coupled to a clamping transistor. 

4. The circuit of claim 2 further comprising: 
a means for continuously passing the system dock, pro- 
ducing a slave dock. 
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5. The circuit of claim 4 wherein: 

the first and second gates each comprise a tristate buffer 
having an output coupled to a damping transistor, and 

the means for continuously passing the system dock 
comprises a tristate buffer fixed in the enabled state. 

6. The circuit in claim 1 wherein the second local dock 
generator comprises: 

first gate for receiving the system dock and producing the 
second scanning dock which alternates responsive to 
the second control signal between an active and 
clamped condition, the active condition resulting in an 
output which passes the system dock, the clamped 
condition resulting in an output which is fixed; and 

second gate for receiving the system dock and producing 
the second functional dock which alternates responsive 
to the complement of the second control signal between 
a clamped and active condition, the active condition 
resulting in an output which passes the system dock, 
the damped condition resulting in an output which is 
fixed; 

wherein the second scanning dock is damped when the 
second functional dock is active and the second func- 
tional dock is clamped when the second scanning dock 
is active. 

7. The circuit of claim 6 wherein: 

the first and second gates each comprise a tristate buffer 
having an output coupled to a clamping transistor. 

8. The circuit of claim 6 further comprising: 

a means for continuously inverting the system dock, 
producing a slave dock. 

9. The circuit of claim 8 wherein: 

the first and second gates each comprise a tristate buffer 
having an output coupled to a damping transistor, and 

the means for continuously inverting the system dock 
comprises a tristate buffer fixed in the enabled state. 

10. The circuit in claim 1 wherein the first local dock 
generator comprises: 

first gate for receiving the system dock and producing a 
first scanning dock which alternates responsive to the 
second control signal between an active and clamped 
condition, the active condition resulting in an output 
which passes the system clock, the clamped condition 
resulting in an output which is fixed; and 

second gate for receiving the system dock and producing 
a first functional dock which alternates responsive to a 
third control signal between an active and clamped 
condition, the active condition resulting in an output 
which passes the system dock, the clamped condition 
resulting in an output which is fixed; and 

the second local dock generator comprises: 

a first gate for receiving the system dock and producing 
a second scanning dock which alternates responsive to 
the first control signal between an active and a clamped 
condition, the active condition resulting in an output 
which inverts the system dock, the clamped condition 
resulting in an output which is fixed; and 

second gate for recdving the system clock and producing 
a second functional dock which alternates responsive 
to a fourth control signal between an active and 
clamped condition* the active condition resulting in an 
output which passes the system clock, the clamped 
condition resulting in an output which is fixed. 
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